It can be found that with the adequate measure, the beta stability line is equidistant from neutron and proton drip lines. We explore this fact and its predictive potentiality in the simplest case, the classic liquid drop formula.
For a nucleus of atomic number A = N + Z in the beta stability line, we can consider the corresponding nuclei (Z − k, N ) in the proton drip line and (Z, N − k ′ ) in the neutron drip line, with respective masses A p , A n . The main mass models in the market (eg, from [2] ) predict a very small difference A p −A n , which even becomes zero in isolated points under the action of microscopical corrections.
We have studied this difference for the classical Weizsäcker formula [1] ,
An analytical -even if very large-expression can be given if instead of taking A as the independent variable, we fix the mass A 0 in the drip lines. Then solving the second degree equation in the proton drip line
and the third degree one in the stability line (we take m p − m n ∼ 0 but it is not necessary)
we can get the corresponding mass A and proton and neutron numbers Z, N (= A − Z) of the stable nucleus. We compare this neutron number with the one got from the neutron drip line equation
The difference d(A 0 ) = N − N 0 results a very convenient function to input in a numerical-analytical program such as, for instance, Mathematica, because we can plot dependences with any of the four free parameters of the model, as well as mixed plots d(A 0 , a i ) or d(a i , a j ). It is specially relevant to check the dependence in a 3 , because it has a natural minimum for the zero value, but it is not uniformly increasing; there is a second minimum in the ∼ 1 MeV area, but this one has also a dependence on A 0 so we can no expect it to coincide exactly with the usual value a 3 = 0.711 MeV. Still, this minimum can be interpreted as the cause of our equidistancy.
For the usual values
it can be seen that d(A 0 ) gets the higher value for A 0 ∼ 300; it is only -0.815 when proton and neutron masses are equal, and this maximum discrepancy moves by only about two units when proton and neutron masses are given different value, so for simplicity one can find convenient to keep with m p −m n ∼ 0 as we do here. The function is not linear, so for mid-range masses the difference is appreciably smaller. Generically we can say that the equidistance property k = k ′ with different proton and neutrons masses holds within a 2%.
As a numerical experiment, and to test how strong a rule is the equidistance to the driplines, we measured the square discrepancy at four different values, using an averaging function
and we took the bold bet of searching for minima 1 in the allowed parameter space of a 1 ...a 4 .
After discarding unphysical or non-convergent zones, we explored a detailed area for a 1 = 6..18, a 2 = 0..40, a 3 = 0.3..1.2, a 4 = 5..45. We seed the algorithm with values in this area and then we ask it to descend numerically into a local minimum. Note that smaller values of a 3 cause the algorithm to descent into the trivial a 3 = 0 case. The results are seem in the table. The stability line depends only of a 3 /a 4 , so it is a good indication to get both increasing, even if below the empirical value. It can be said that we are always out, in the four parameters, by a sensible percentage, but if one takes into account that no empirical input is used in the calculation 2 , the exploration is successful enough. Besides, we have chosen the averaging function in a very arbitrary way. This choosing is surely more important than the seed. For the usual values, d(A 0 ) has three zeros besides the trivial, about A = 25, 600, 2000. This is very generic, and it means that up to three discrete values can be adjusted in an unnatural manner. The averaging formula must evaluate a number of points enough to be sure that no zeros happen in the range of validity of the mass formula, say A = 30...300. From the shape of d(A 0 ) in this range it seems that a weighting proportional to the binding energy of A 0 (say, in the stability line) could be adequate, but it is still an ad-hoc suggestion, as any function with the same shape would do the same role.
Experiments can be done with variations in only three, two or one parameters, but then the extant ones must be fixed with other methods, beyond the purpose of this brief note. Contrary to the others, the parameter a 4 seems not be very able to vary, as it stops about two or three units from the seed. But fixing it to 23.0 does not improve the match.
As we have said, the equidistance property can be noticed in most models of nuclear masses, and our function d(A 0 ), or alternatively any measure of the discrepancy between k and k ′ , is an interesting parameter to consider when studying the properties of a mass model.
An explanation of this property should be that really some important mass dependent effect is enhanced at the drip lines, so this effect forces mass formulae to adjust themselves to fit. The effect does not need to happen uniformly in all the mass range, it is enough to force the coincidence in isolated points, perhaps the ones having strong microscopical corrections, as noted above.
Perhaps it is related to the extra nuclear stability coming from magicity, because an additional phenomena appears when we consider magic numbers at the drip lines: we can use nuclear mass to pair Z and N numbers, in such way that a nucleus in the proton drip line given a magic (or semimagic) Z number correspond to another nucleus of the same mass in the proton neutron drip line, having again a magic (or semimagic) N number:
At neutron dripline, N= By the way: the author was too worried about other phenomena and he thought the fact here reported were well known. So I must thank M. Asorey by asking why the drip lines I kept drawing were always equidistant of the stability, and A. Zuker by suggesting to look first in the simplest model, Weizsaecker's liquid drop.
